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We hypothesized that voluntary physical activity (PA) 
INTRODUCTION
induces cell cycle exit by activating AMPK, which directly phosphorylates p27 at T198, 54 increasing p27 stability and inducing G1 arrest (10, 15, 26) . LEP (16 kDa) production increases 55 with adiposity and its cell cycle effects directly oppose those of ADIPO (10, 11) . LEP induces 56 cell cycle entry by activating Akt, which phosphorylates p27 at T157, denying p27 entry into the 57 nucleus, thereby preventing it from inhibiting cyclin E/cdk2 and inducing cell cycle entry (11, 58 14, 27). The decreased ADIPO and increased LEP in the circulation of obese individuals creates 59 a microenvironment that promotes tumor growth by accelerating cell cycle entry, causing a 60 greater incidence of detectable tumor formation and more advanced tumors in obese women than 61 in lean women (6, 28) . Independent of adiposity, serum ADIPO has also been found to be 62 reduced while LEP is increased in women with breast cancer compared to women without the 63 disease (23, 29, 37) . Decreased ADIPO signaling through AdipoR1 has been shown to be 64 associated with higher tumor grade and poorer patient outcomes (33) . We have previously 65 demonstrated in cell culture and in-vivo that increasing AdipoR1 levels increases the cell cycle 66 effects of ADIPO via AMPK signaling and can counteract the antagonism of ADIPO by LEP
67
(51), a condition that exists in obese breast cancer patients and may underlie the association with 68 poor prognosis and a less favorable response to therapy.
69
An increasingly sedentary lifestyle is a major contributor to the increase in obesity and its 70 associated disorders (38) . This highlights increased physical activity as a potential 71 prevention/intervention for the development of obesity and its associated effects on breast cancer 72 (4, 9) . Moderate physical activity (>0.64 MET-hours/day) reduces the incidence of breast 73 cancer, with women who are physically active exhibiting a 20-30% reduction in the relative risk 74 of developing breast cancer compared to their sedentary counterparts (22, 30, 35, 39, 45) . The 75 effect of physical activity is also important in improving patient survival in breast cancer as seen 76 by an up to 40% reduction in cancer-related death and cancer recurrence in physically active 77 women (17) . In addition, there are dose-dependent (intensity and duration) relationships among 78 physical activity, cancer risk and overall survival in breast cancer patients (46) . Breast cancer 79 patients participating in physical activity consisting of walking as little as one hour/week was 80 associated with improved survival compared to sedentary women (17) . These effects were more 81 pronounced in women who engaged in moderately intense exercise between 3-5 hours per week 82 (17) . When exercise intensity was increased further (running >1.8 MET-hours/day) breast cancer 83 patients had an almost 90% lower risk of cancer mortality compared to women who walked 84 (<1.07 MET-hours/day) (46) . Voluntary physical activity alters the production of both ADIPO 85 and LEP in rats fed a high fat diet, lowering the levels of LEP and increasing the levels of 86 ADIPO in the circulation compared to sedentary high fat diet fed animals (4, 24, 45, 50) . The exact mechanisms behind the effects of physical activity on regulating adipose-94 dependent tumor growth microenvironment remain unclear. We set out to determine whether a 95 dose-dependent relationship between physical activity and the production/secretion of adipokines 96 exists and whether these effects can alter the deleterious adipose-dependent tumour growth 97 microenvironment created in animals fed a high fat diet (HFD). We show that HFD fed animals 98 decreased the ADIPO:LEP ratio secreted by isolated adipose tissue into culture media. We also experiments. Individual t-tests were used to identify differences in FACS analysis between 220 groups. Group means value p≤0.05 were considered to be significantly different.
RESULTS

222
HFD increases adiposity which is prevented by physical activity. Animals were fed either 223 a high-fat diet (HFD) or standard chow diet (CD) and a given access to running wheels as increased COX activity to levels that were 2.8-fold above those in sedentary HFD-fed animals. 
Conditioned media induces effects on cell signaling and cell cycle proteins in MCF7
265 cells. In order to determine whether these changes in ADIPO and LEP elicit any effects on the 266 breast cancer tumor growth environment, we treated MCF7 cells with CM created from the adipose tissue of HFD and CD fed animals. Additionally, we also wanted to determine if adding 268 additional ADIPO or LEP to CM would elicit any further effects on MCF7 cell cycle regulation.
269
CM was created using equivalent dilutions of adipose tissue across treatment groups (7.5 ml of 270 media/g of tissue). In order to determine whether approximately equal amounts of protein were 271 being used in our CM preparation, we conducted western blot analyses using proteins isolated 272 from the adipose tissue used in our CM treatments and measured the levels of Akt and β-actin 273 proteins that are often used as loading controls in various experimental treatments (Fig 1H) . We 274 found that there was no specific pattern that suggested inequivalence of proteins loaded for any 275 specific treatment (i.e. HFD had more protein than HFD+HPA), giving us confidence that the 276 CM was not subjected to any preparation artifacts. However, we did see that CM treatment 277 caused profound differences in MCF7 cells (Fig. 2) . CD-CM increased pAMPK 
280
( Fig. 2A,B) , p27 ( Fig. 2A,D) , p27 T198 ( Fig. 2A,E) , AdipoR1 ( Fig. 2A,F) or decrease to pAkt T308
281
( Fig. 2A,C) . Similarly, the addition of exogenous 300 nM LEP to CD-CM caused no effects on 
AdipoR1 overexpression ameliorates the effect of HFD-CM. We next determined whether 288
AdipoR1 overexpression would ameliorate the effects of HFD-CM (Fig 3 A,B) . Antibiotic- (Fig. 3A,B) , p27 (Fig. 3A,D (Fig. 3A,E) and AdipoR1 (Fig. 3A,F) compared to both UT and HFD-CM cells. This 67% and 58%, respectfully, compared to HFD-CM treated cells (Figs. 4 A,B,D,F) . In addition, (Fig. 4   325   A,B,C,F) . Surprisingly, the effects of HFD+HPA observed were also similar to those elicited by 326 CD+LPA-CM on MCF7 cell cycle regulation (Fig. 4 A, MockT cells (Fig. 4 vs 5) . While a dose-response of PA was observed in MockT cells, the effects by 37% above CD-CM (Fig. 5A,B) . increased the number of cells in S-phase by 16% compared to CD-CM treated cells (Fig. 6D) . In addition, we evaluated whether voluntary PA was able to counteract the HFD- However, the overall tumor growth microenvironment that a tumor is exposed to and that exists 376 among patients is regulated by far more stable and predictable physiological mechanisms.
377
Adipose is one of the most important tissues that contributes to this growth microenvironment are altered with obesity and they have been shown to elicit numerous effects on breast cancer cell cycle regulation (10, 11, 19) . In addition, ADIPO and LEP activate unique intracellular signaling 383 pathways (AMKP vs. Akt) which directly antagonize each other and elicit opposite effects on 384 proliferation, with AMPK promoting cell cycle exit and AKT leading to cell cycle entry (51).
385
This suggests that the ADIPO:LEP ratio may represent a more reliable indicator of tumor growth 386 microenvironment and better predictor of cancer aggressiveness and patient outcome in breast 387 cancer patients than either adipokine alone (6) . In support of this, in obese breast cancer patients 388 the serum ADIPO:LEP ratio is decreased and this is associated with more aggressive tumors and 389 a poorer prognosis (9) .
390
In order to induce adipose expansion we employed high-fat diet (HFD, 60% calories from 391 fat) feeding as a means to induce obesity and observe the resultant effects on ADIPO and LEP 392 production/secretion. Given that physical activity is a definitive means to manage body fatness, (Table 1) , a result similar to that seen in humans (41) .
401 Surprisingly, we observed no measureable difference in total body weight between the HFD-and 402 CD-fed animals. This may be due to the fact that the CD and HFD animals had identical specific 403 daily caloric intake. Despite this lack of difference in total body weight, there was an evident 404 2.3±0.3-fold HFD-dependent increase in visceral fat mass and a 17±3% decrease in measured muscle mass (gastrocnemius, soleus and tibialis anterior; Fig. 1 ). Thus, although body weight did 406 not change, there was a definitive redistribution of body mass within the HFD-fed animals.
407
Furthermore, given that these animals were in a rapid growth phase, adipose mass difference 408 between our CD and HFD-fed animals may have been masked by rapid overall increases in body 409 size (Fig 1A) . The decrease in ADIPO:LEP ratio that was induced by HFD feeding resulted in a 410 reduction in protein levels of certain cell cycle inhibitory regulators (Fig. 2) and caused S-phase 411 entry in MCF7 cells exposed to conditioned media prepared from the adipose of HFD-fed 412 animals (Fig. 6C) . Our results point to HFD-dependent effects being completely abolished by 413 high levels of physical activity, illustrating exercise as a powerful intervention/prevention 414 strategy for obesity-linked cancers. However, given that cancer patients often suffer from other 415 co-morbidities, implementing higher intensity exercise may not be an ideal option. Importantly, 416 we demonstrate that lower intensity physical activity interventions, ones that do not induce 417 weight loss, are still effective in counteracting the adipose-dependent deleterious growth 418 microenvironment that a breast cancer is exposed to. This also suggests that the effects of diet 419 and exercise that are protective against breast cancer depend on the alterations in the adipokine 420 secretion profile from adipose tissue rather than the loss of fat mass itself.
421
Previous work in our lab has shown that increasing the ratio of ADIPO:LEP using (Fig. 2) . In addition, the growth environment created by the CM basically rendered the and LEP secreted into the culture media (Fig.1G) . While we are unable to specifically categorize 457 the precise exercise performed (i.e. run, jog, walk) we do show that HFD-fed animals that 458 completed PA of over 3 km/day were lighter and had smaller visceral fat depots compared to 459 their sedentary counterparts which was accompanied by a higher ADIPO:LEP ratio secreted into 460 the CM (Fig. 1, Table 1 ). Volume dependency was illustrated by the fact that HFD fed animals 461 who performed PA that was less than 3 km/day had similar body and visceral fat masses as their (Fig. 4) . In addition, HFD+LPA-CM increased and decreased the 468 percentage of MCF7 cells in G0/G1 an S-phase, respectively, with respect to HFD-CM treated 469 cells, but failed to completely abolish all of the effects of the HFD-CM treated cells (Fig. 6 ).
470
Taken together these results suggest that any interventions designed to counteract the effects of 471 obesity on breast cancers do not necessarily have to alter absolute adiposity, but do need to elicit 472 effects on adipokine production/secretion from adipose tissue, as this appears to be the major 473 underlying contributor to adipose-dependent control of tumor growth microenvironment.
Although our work used ADIPO and LEP as markers of adipokine secretion profile, we are in no 475 way suggesting that these are the only adipokines of the more than 400 produced by adipocytes 476 that underlie adipose-dependent effects. However, it is clear their levels, relative to each other, 477 are likely candidates for accurately predicting/estimating the growth microenvironment that a 478 breast cancer in an obese patient is exposed to. Furthermore, therapies that alter the levels/ratio 479 of these adipokines may represent interventions with a higher chance of success in obese breast 480 cancer patients.
481
In the current study we demonstrate the increasing the volume of exercise (km/day) 482 elicits greater protection against the deleterious effects on high-fat diet in cancer cell cycle (40) showed that despite our animals exercising at a much lower intensity (km/hour), the longer 491 duration in our study resulted in a higher total daily distance (1.71 km/day vs. LPA 2.47 km/day 492 & HPA 7.21 km/day). Our daily distance PA division was based on where the gap in distance 493 covered appeared to lie and is in line with previously published data for creating low and high
494
PA groups (21) . The COX activity in mixed gastrocnemius muscle for the HFD+LPA group was 495 2.1-fold higher than HFD sedentary animals (Fig. 1F) . A paper by Samelman et al. (2000) found 496 that rats exercising at a treadmill exercise dose of 15m/min at a 10% gradient for 1hr/day, 5 days/wk displayed a 1.8-fold increase in COX activity of the mixed gastrocnemius compared to 498 their sedentary counterparts (36) . LeBlanc et al. (2008) showed that obese rats exercising at 499 20m/min at a 10% gradient for 1hr/day, 5 days/week had a gastrocnemius citrate synthase 500 activity (CS) that was 1.5-fold higher than their sedentary obese counterparts (25) . Previous 501 work has shown that in rats changes in gastrocnemius COX activity in response to increased 502 physical activity is approximately 1.5-fold higher compared to CS in the same exercising muscle 503 (18) . Using this we estimate that the 1.5-fold CS activity in Leblanc et al. would likely be 504 accompanied by a 2.3-fold increase in COX activity. Using these changes as a guide, we estimate 505 that the 2.8-fold increase in COX activity exhibited by our HPA group was suggestive of 506 workload greater than the 20m/min at a 10% gradient used in this study (25) . Using these two 507 workload approximations, we can estimate a dose of exercise using a compilation of curves that and White (1978) we estimate that our LPA group exercised at a rate roughly equivalent to a 510 VO 2 of 54 ml/kg/min. Using similar analyses, we estimate that the volume of exercise that our 511 HPA group completed caused changes greater than if they were exercised at a VO 2 of 60 512 ml/kg/min. Although the initial intent of our experiments were not intended to prescribe specific 513 doses of exercise and we can't prescribe specific dose rates of exercise for human patients from 514 our study due to species and age differences and the lack of a clear absolute work rate (i.e.
515
%VO 2 max), it is evident that increasing the volume of exercise, whether it be walking, jogging 
